China is one of the 22 countries with high TB burden worldwide, and Sichuan contained the second-largest number of TB cases among all of the Chinese provinces. But the characteristics of Mycobacterium tuberculosis circulated in Zigong, Sichuan, were still unknown. To investigate the character and drug resistance profile, 265 clinical isolates were cultured from tuberculosis patient's sputum samples in the year of 2010, of which the genetic profile was determined by using Spoligotyping and MIRU-VNTR typing methods, and the drug sensibility testing to the four first-line and four second-line antituberculosis (anti-TB) drugs was performed by using proportion method on Lowenstein-Jensen (L-J) media. The major Spoligotype was Beijing family (143/265, 53.96%), followed by T (80/265, 30.19%) and H (9/265, 3.40%) genotypes; the total Hunter-Gaston discrimination index (HGDI) of the 24 loci MIRU-VNTR was 0.9995. About 27.17% (72/265) of the isolates were resistant to at least one of the eight tested anti-TB drugs, and for Beijing and non-Beijing family isolates the proportion of drug resistance was 28.47% (41/144) and 25.62% (31/121), respectively. That is, the most prevalent genotype here was Beijing family, and the 24 loci VNTR analysis could supply a high resolution for genotyping, and Beijing and non-Beijing isolates had no difference ( > 0.05) for drug resistance.
Introduction
Tuberculosis (TB) remains an important problem for the public health worldwide, especially in developing countries. Of the five countries with the largest number of incident cases in 2012, China (0.9 million-1.1 million) ranked the second just next to India, which accounted for 12% of the global cases alone [1] . Recently the emerging of drug-resistant TB (DR-TB) is becoming an important threat to TB control and public health worldwide [2, 3] , and according to the National Survey of Drug-Resistant Tuberculosis in China, 5.7% of new TB patients and 25.6% of the previously treated cases were multi-drug-resistant TB (MDR-TB) [4] . In the last decade, genotyping of Mycobacterium tuberculosis (M. tuberculosis) has significantly enhanced our understanding of TB epidemiology by detecting suspected outbreaks and by tracing the infection routine. Such molecular methods like spacer oligonucleotide typing (Spoligotyping) and mycobacterial interspersed repetitive unit-(MIRU-) variable number tandem repeats (VNTR) typing have been used to characterize clinical M. tuberculosis isolates in China [5] [6] [7] . Obtaining the characteristic of M. tuberculosis isolates circulating in an area is helpful for understanding and controlling the spread of TB infection.
Although molecular epidemiology study of TB has been taken out in some area in China [8] [9] [10] , few efforts have been made for the collection of DNA fingerprinting data based on the mutation profiles of isolates from the western region of China such as Sichuan province. Sichuan is a province that is located in southwestern China, with a population of 2 BioMed Research International approximately 87 million inhabitants. Sichuan contained the second-largest number of TB cases among Chinese provinces, where the prevalence of both TB and drug-resistant TB was much higher than the average level in China [11] . The total cases of TB in Sichuan province are estimated to be about 272,000 in 2006 and the new cases found in 2006 were more than 70,000 [12] . So the genetic and drug-resistant characteristics analysis of clinical M. tuberculosis isolates from this area may give us some benefits on TB control in China.
The aim of this study was to identify and genetically characterize the M. tuberculosis isolates circulating in Zigong, southern Sichuan, and to explore the distribution of drug resistance profiles across the major Spoligotyping-defined M. tuberculosis genotypes.
Material and Methods

Bacterial Strains and DNA Samples.
A total of 265 clinical M. tuberculosis isolates were collected from Zigong, Sichuan, in 2010. Chromosomal DNA was extracted from fresh bacteria cultures on the Lowenstein-Jensen (L-J) medium. A loopful of mycobacterial colonies were suspended in 400 L TE buffer (pH 8.0) and then boiled for 10 min. The suspension was centrifuged at 12,000 rpm for 10 min, and the supernatant was served as PCR template and stored at −20 ∘ C.
2.2.
Spoligotyping. Spoligotyping was performed as described previously by Kamerbeek et al. [13] . The results were entered into Excel spreadsheets in a binary format and compared with SITVITWEB database [14] , which is a publicly available international multimarker database for studying Mycobacterium.
MIRU-VNTR Typing.
VNTR analysis was performed by the amplification of 24 genomic loci, the scheme of which has been described by Supply et al. [15] . Each VNTR locus was amplified individually in 20 L reaction mixture containing 1x PCR GC Buffer I (Takara Bio Inc.), 5 pmol of each primer set, 200 M of each dNTP, 0.5 U of DNA Taq Polymerase (Takara Bio Inc.), and 1.5 ng of DNA template. An initial denaturation step of 5 min at 95 ∘ C was followed by 35 cycles at 94 ∘ C for 1 min, 60 ∘ C for 1 min, and 72 ∘ C for 1 min, with a final extension at 72 ∘ C for 10 min. The PCR products were analyzed by electrophoresis on 2% agarose gel using 100 bp DNA ladder as size markers. The H37Rv strain was included as a positive control for each amplification reaction and run as an additional control for accuracy, and then the copy number of each locus was calculated by using the Image Lab software (Bio-Rad). The dendrograms based on the Spoligotyping and 24 VNTR loci data were conducted using UPGMA protocol. The HunterGaston discrimination index (HGDI) for the 24 VNTR loci was calculated using the previously reported formula [18] . The HGDI of each VNTR locus was calculated by using the web based VNTR Diversity and Confidence Extractor (V-DICE http://www.hpa-bioinformatics.org.uk/cgi-bin/DICI/ DICI.pl).
Drug Susceptibility
Statistical Analysis.
Chi-squared tests were used to compare the proportions of DR-TB and the distribution of genotypes in different groups. All tests of significance were two-sided and the significant threshold was set at 0.05.
Results
Demographic Characters. All of the 265 clinical isolates
were cultured from sputum samples of different TB patients in Zigong CDC, Sichuan province, in 2010. And for the 265 TB patients, 44 (16.60%) were previously treated, 139 (52.45%) were in the 30-and 60-year-old age group, 39 (14.72%) female and 209 (78.87%) male patients with other 17 (6.41%) gender uncertain patients, and no difference about these factors between Beijing and non-Beijing family strains was found at < 0.05 level (Table 1) .
Spoligotyping.
Based on the Spoligotyping results, all of the 265 isolates were subdivided into 64 Spoligotypes, among which 49 patterns were unique whereas other 216 isolates were grouped into 15 clusters containing 2 to 128 isolates. Following comparison with the SITVITWEB database, 239 isolates were clustered into 40 shared international types (SITs), whereas the other 26 isolates that had not been described in the database were referred to as "Orphan." Family assignment revealed that 143 strains had the classical Beijing family-specific or Beijing family-like Spoligotyping pattern. We treated all these 143 isolates as Beijing family strains ( Figure 1 ). In total, the Beijing family is clearly the most prevalent genetic family in our research setting (143/265, 53.96%), followed by T family (80/265, 30.19%) and H family (9/265, 3.40%).
MIRU-VNTR Typing.
Exploitable VNTR results (defined as less than 4 missing values) were obtained for 262 isolates out of 265 isolates. Using the 24 polymorphic loci, all of the 262 M. tuberculosis isolates were identified to 257 different VNTR types and 3 main clusters. A total of 253 isolates had unique profiles. The remaining 9 isolates formed 4 clusters (2 to 3 isolates) (Figure 2 ). The total Hunter-Gaston were OFLX-resistant, and 36 (13.58%) of those drug-resistant strains were MDR-TB; no XDR-TB was found in this study (Table 3) . When grouped by gender or age group like previous report [8] , no relationship was found with the isolate's character of drug resistance. But having been treated before may play an important role with the drug resistance, not only for the drug-resistant TB ( 2 = 11.2680, < 0.05) but also for the MDR-TB ( 2 = 18.8983, < 0.05) ( Table 4) .
Relationship between Beijing Family and Drug Resistance.
According to the demographic data, no matter whether they are grouped by gender, age groups, or even treatment history, there was no difference of the infection rate between Beijing and non-Beijing family isolates observed (Table 1) . And for the Spoligotyping patterns and DST results, of the 143 Beijing family isolates, 41 (28.67%) were drug-resistant to at least one of the eight anti-TB drugs of which 23 (16.08%) were MDR-TB. While, in the 122 non-Beijing isolates, 31 (25.41%) were drug-resistant and 13 (10.66%) were MDR-TB, no difference of the drug resistance proportion was found between Beijing and non-Beijing family isolates (Table 3 ).
Discussion
Previous research report has reviewed that Beijing family is prevalent (57.89%) in Sichuan province [6] , and according to the Spoligotyping results in this study, the proportion of Beijing family is about 54.34% in southern Sichuan, a little lower than that of the previous report. This may be because our study was just focused on the prevalence isolates in Zigong, and more isolates were included in this study which 100  90  80  70  60  50  40  30   Spol   S1  S2  S3  S4  S5  S6  S7  S8  S9  S10  S11  S12  S13  S14  S15  S16  S17  S18  S19  S20  S21  S22  S23  S24  S25  S26  S27  S28  S29  S30  S31  S32  S33  S34  S35  S36  S37  S38  S39  S40  S41  S42  S43  Key   9  33  39  21  13  44  3  14  28  30  63  37  48  41  29  53  5  56  6  17  26  49  18  50  40  23  34  52  36  32  16  10  60  27  8  46  59  15  11  35  1  24  57  7  20  54  47  42  43  64  12  2  61  45  55  22  25  31  51  58  38  19 Figure 1 could afford much more representativeness. But this still conforms to the former reports that the most prevalent isolate here was Beijing family strains and the highest prevalence of Beijing family was found in northern China, followed by central and southern China [6, 7] . Besides, T genotype was the second major epidemic genotype circulating in this area and was also consistent with the previous study [19] . This may indicate that non-Beijing family strains also played an important role in the high tuberculosis burden in Sichuan and some other provinces that are located in southern China [6, 7] . Spoligotyping has been considered as the gold standard for Beijing family identification, as it is simple and efficient. But the discrimination of Spoligotypes for Beijing family is very low and it cannot further differentiate Beijing family strains, as Beijing family strains always show characteristic homological Spoligotyping pattern [20] . For the 24 loci MIRU-VNTR typing method, even the discrimination of each locus is different, but when we combined them together a high resolution was acquired ( Table 2) . As the MIRU-VNTR genotyping is considered to be faster and easier to perform, the results are in digital format which can be easily compared between laboratories. Thus, if conditions allow, we suggest Spoligotyping and MIRU-VNTR genotyping should be taken out at the same time, to investigate in more detail characters of the selected isolates. But for some loci the HGDI were so low; different countries could select specific loci for genotyping. And for the three main clusters of the UPGMA dendrogram in Figure 2 , one formed by Beijing family isolates and other two within non-Beijing family isolates, but no difference was found between them for difference factors, like drug resistance and patient age group. In our study, 27.17% ( = 72) of the isolates were resistant to at least one of the eight anti-TB drugs, and 13.58% ( = 36) were MDR-TB; no XDR-TB was found in this study. These have some difference with the whole nation's status [4] . Firstly, we focused on the target area here in Sichuan province; the demographic and M. tuberculosis infectious status in this area may have some differences with those of the whole nation. Secondly, the isolates selected into our study may also have some differences with that of the previously report. Also in our study we found that the treatment history may play an important role with the drug resistance, not only for drug-resistant TB but also for MDR-TB (Table 4) ; thus the management of TB patients should be strengthened. And as the drug-resistant TB may be the most important challenge to achieve the goals of stopping TB, much more attention should be paid to it.
As Beijing family strains were prevalent in this area (143/265, 53.96%) and in some reports, Beijing family has 100  90  80  70  60  50  40   Spol   S1  S2  S3  S4  S5  S6  S7  S8  S9  S10  S11  S12  S13  S14  S15  S16  S17  S18  S19  S20  S21  S22  S23  S24  S25  S26  S27  S28  S29  S30  S31  S32  S33  S34  S35  S36  S37  S38  S39  S40  S41  S42  S43  Key  SC11048  SC11100  SC11050  SC11051  SC11103  SC11113  SC11140  SC11028  SC11215  SC11232  SC11033  SC11062  SC11201  SC11083  SC11138  SC11031  SC11265  SC11146  SC11208  SC11211  SC11227  SC11013  SC11204  SC11158  SC11181  SC11006  SC11169  SC11125  SC11216  SC11066  SC11221  SC11029  SC11104  SC11136  SC11122  SC11152  SC11085  SC11222  SC11086  SC11191  SC11193  SC11250  SC11150  SC11174  SC11239  SC11098  SC11046  SC11049  SC11220  SC11065  SC11023  SC11052  SC11159  SC11231  SC11072  SC11016  SC11041  SC11119  SC11248  SC11075  SC11134  SC11117  SC11141  SC11002  SC11088  SC11190  SC11223  SC11115  SC11219  SC11090  SC11195  SC11177  SC11114  SC11240  SC11099  SC11237  SC11068  SC11254  SC11142  SC11238  SC11077  SC11249  SC11218  SC11199  SC11203  SC11241  SC11173  SC11266  SC11143  SC11005  SC11107  SC11128  SC11133  SC11168  SC11020  SC11121  SC11129  SC11253  SC11047  SC11025  SC11017  SC11243  SC11030  SC11183  SC11076  SC11080  SC11096  SC11007  SC11161  SC11267  SC11024  SC11044  SC11045  SC11060  SC11106  SC11202  SC11021  SC11165  SC11224  SC11071  SC11194  SC11228  SC11229  SC11153  SC11160  SC11118  SC11213  SC11172  SC11015  SC11179  SC11054  SC11011  SC11019  SC11148  SC11182  SC11147  SC11157  SC11110  SC11061  SC11258  SC11137  SC11144  SC11196  SC11197  SC11123  SC11139  SC11247  SC11180  SC11073  SC11242  SC11053  SC11214  SC11187  SC11225  SC11209  SC11170  SC11079  SC11145  SC11057  SC11210  SC11043  SC11056  SC11022  SC11034  SC11055  SC11149  SC11102  SC11112  SC11260  SC11040  SC11070  SC11178  SC11246  SC11037  SC11039  SC11004  SC11176  SC11094  SC11120  SC11097  SC11205  SC11135  SC11207  SC11264  SC11175  SC11001  SC11059  SC11108  SC11089  SC11008  SC11164  SC11167  SC11185  SC11200  SC11261  SC11230  SC11151  SC11233  SC11093  SC11156  SC11078  SC11189  SC11163  SC11127  SC11186  SC11014  SC11101  SC11126  SC11162  SC11236  SC11038  SC11064  SC11192  SC11132  SC11234  SC11092  SC11082  SC11067  SC11255  SC11130  SC11256  SC11263  SC11010  SC11087  SC11257  SC11032  SC11069  SC11074  SC11226  SC11244  SC11063  SC11027  SC11012  SC11154  SC11026  SC11042  SC11111  SC11155  SC11131  SC11198  SC11259  SC11245  SC11095  SC11212  SC11235  SC11003  SC11206  SC11262  SC11058  SC11217  SC11081  SC11035  SC11124  SC11018  SC11036  SC11105  SC11009  SC11171  SC11184  SC11116  SC11109  SC11188   SIT  Orphan  Orphan  52  52  334  53  50  53  53  180  53  Orphan  52  53  Orphan  53  53  53  53  628  53  86  120  628  1651  53  53  Orphan  53  334  53  196  451  2665  2140  53  53  53  Orphan  50  50  53 Orphan  T2  T2  T1  T1  H3  T1  T1  H3  T1  Orphan  T2  T1  Orphan  T1  T1  T1  T1  T1  T1  T1  T1  T1  Beijing  T1  T1  Orphan  T1  T1  T1  T1  H37Rv  2665  2140  T1  T1  T1  Orphan  H3  H3  T1  2025  Orphan  Orphan  H3  H3  Orphan  Orphan  Orphan  H3  H3  T1  T2  U  T1  T1  T1  T1  T1  T3  Orphan  Orphan  T1  T1  T1  T1  Orphan  T1  T1  Orphan  T1  T1  T3  H1  T1  T1  T2  Orphan  T1   T2  T2  Orphan  T2  T2  T2  T2  T2  T1  T1  2191  T1  T1  Orphan  U  T1  Orphan  T2  T1  T1  T1  T2  T1  T1  T1  Orphan  T3  T1  T1  T1  T1  T1  T1  T1  T1 Orphan Orphan T1 Beijing Figure 2 been considered to be related to TB outbreak and drug resistance [21] [22] [23] [24] , while some are not [25] [26] [27] . Referring to our study, the chi-square analysis showed that there was no significant difference between the Beijing and non-Beijing family strains in terms of their drug resistance proportion and patient age group. This may be because Beijing family is the genetic aspect but the drug resistance is a biological aspect of one M. tuberculosis isolate, and there is no constant relationship between them.
